Position-Controlled MILC using Ni Ferritin
Because the apoferritin molecules have chemically same structure, NPs are synthesized homogeneously by using the cavity of apoferritin as a template [8] . Interactions between an apoferritin and solid surface can be used for the patterning [8] .
Position-controlled MILC is shown in Fig.1(a) . Apoferritin with Ni NP (Ni ferritin) was patterned on an amorphous Si film. Heat treatment eliminated the protein moieties. The accommodated Ni NPs were remained on the amorphous Si film. The Si film with patterned Ni NPs was annealed for MILC [5] [6] [7] . The NiSi 2 silicide was formed by annealing at less than 400ºC. The silicide had similar lattice constant with Si (mismatch: less than 0.4%). Therefore, before the Si film is crystallized from the nuclei generated spontaneously by high temperature annealing (650-800ºC) [3] , crystallized domains expanded outwards from the Ni-NPs-patterned area [ Fig.1 (b) ]. In the crystallized domains, nearly the same crystallization orientations were observed by Electron BackScatter Diffraction (EBSD) [ Fig.1(c) ].
Experimental
Torsional resonators were fabricated [ Fig.2 (a),(b)] and influence of the grain boundaries were investigated. The torsion bars were crystallized by the position-controlled MILC. Amorphous Si film (t: 400nm) was deposited on a Si substrate with 3m-thick SiO 2 layer. B ions were implanted for electric conduction. Adsorption area was patterned in a resist film next to the area to be torsion bars [ Fig.2(c) ]. For the resist-patterned samples, surface modification by 3-aminopropyltriethoxysilane (APTES) was carried out to display amino groups. The amino groups were charged positively in the solution around neutral pH E x t e n d e d A b s t r a c t s o f t h e 2 0 1 2 I n t e r n a t i o n a l C o n f e r e n c e o n S o l i d S t a t e D e v i c e s a n d M a t e r i a l s , K y o t o , 2 0 1 2 , p p 1 0 9 1 -1 0 9 2 
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while the Ni ferritin was charged negatively. Therefore, the Ni ferritin molecules were adsorbed on the APTES modified surface with high-density. Then, patterns of Ni ferritin were obtained by lift-off. The sample with patterned Ni ferritin molecules were heat-treated to eliminate protein moieties (500ºC, 3h, 0.5slm O 2 ). MILC annealing was conducted (680ºC, 10h, 0.5slm Ar).
Structure of the torsion resonator was patterned in the poly-Si film by ICP-RIE using SF 6 . Then, underlying SiO 2 sacrificial layer was etched with vapor-HF. Pad electrodes for biasing were formed by evaporation.
Actuation characteristics of the fabricated resonator were investigated by optical method. Laser was irradiated onto the torsion resonator and laser light reflected by the resonator was monitored with a photodiode. Resonant frequencies were measured using a frequency response analyzer. Q factor of the resonance was calculated from the full width at 3dB below the resonant peak. Because the Q factor is defined as the stored energy ratio to the loss energy, high Q factor indicates that the energy loss in the device is low and the efficiency of device actuation is high.
Results and Discussions
Fabricated torsion resonator array was shown in Fig.3(a) . Without MILC, the torsion bars were consisted of small grains less than 1m [ Figs. 3(b) , (e)]. With normal MILC, crystallinity in the thin Si film was improved [ Fig.3(f) ] whereas the fabricated devices were frequently damaged at the grain boundaries [ Fig.2(c) ]. With position-controlled MILC, grain boundaries were removed from the torsion bars and the crystallinity in the torsion bars was improved [ Figs.3(d), (g)] .
Frequency characteristics are shown in Fig. 4(a) . Resonant frequencies without and with MILC were 122kHz and 131kHz, respectively. Increase in resonant frequency was 7%. Q factors without and with MILC were calculated to 7 and 20, respectively. Three folds Q factor increase was observed. Residual stresses in the Si films without and with MILC were measured by fabricating MEMS strain gauges in the same poly-Si layer [9] . The tensile stress increased from 700MPa to 1400MPa. Increase in Q factor was resulted from the increase in tension and the improved crystallinity in the poly-Si film.
Under the ambient condition, device actuation was influenced by the air (squeezed film damping). That limits the actuation properties. Pressure dependences of the fabricated devices were investigated. As the pressure decreases, the air damping loss was decreased and the Q factors were increased [ Fig.4(b) ]. At 1Pa, Q factor of the device with MILC reached 1068 whereas that without MILC was 739.
Conclusion
Position-controlled MILC was adapted to fabricate MEMS devices. The fabricated MEMS resonator showed three folds Q factor increase, compared to that without MILC. The increase in Q factor was explained by the increase in tension and improved crystallinity. In the vacuum condition, the device with MILC achieved Q factor of 1068 whereas that without 739. 
